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(57) Device (100) including many field emitters 
(102,104) inclose proximity to a storage medium (106), 
and a micromover (110), all in a partial vacuum. Each 
field emitter can generate an electron beam current. The 
storage medium (106) has many storage areas (108) on 
it, with each field emitter responsible for a number of 
storage areas. Also, each storage area (108) can be in 
-a number of different statesto. represent the information, 
stored in that area. In storing information to the storage 
device (100), the power density of an electron beam cur- 
rent (1 56) is increased to change the state of the storage 
area (108) bombarded by the electron beam current 
(156). In reading information from the device (100), the 
power density of the electron beam current (156) is re- 
duced to generate a signal current from the storage area 
(108) bombarded by the electron beam current (156). 
During reading, the power density is selected to be low 
enough so that no writing occurs. The magnitude of the 
signal current depends on the states of the storage area 
(108). The information stored in the storage area (108) 
is read by measuring the magnitudes of the signal cur- 
rent. Finally, the micromover (110) can scan the storage 
medium (106) with respect to the field emitters so that 
each field emitter (102) can access many storage areas. 
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Description 

The present invention relates generally to a storage 
device, and more particularly to a storage device based 
on field emitters. 

For decades, researchers have been trying to in- 
crease the storage density and reduce the cost/storage 
in information storage devices, such as magnetic hard- 
drives, optical drives, and DRAM. However, it has be- 
come increasingly difficult to squeeze more information 
into the storage devices. Moreover, conventional tech- 
nologies to make those devices may be approaching 
fundamental limits on storage density. 

Many scientists have proposed alternative ap- 
proaches to increase the storage density. One approach 
is based on Scanned Probe Microscopy (SPM) technol- 
ogies. Typically, in such an approach, a probe is posi- 
tioned extremely close to a storage medium. For exam- 
ple, in one implementation of Atomic Force Microscopy, 
the probe physically touches the medium; in Scanning 
Tunnelling Microscopy (STM), the probe is within a few 
nanometers of the medium to ensure that the probe is 
within the tunnelling range of the medium. It is difficult 
to inexpensively build a storage system with a probe in 
contact with or in such extremely close proximity to the 
medium without, eventually, damaging or effacing the 
surface of the medium or the probe. Moreover, in STM, 
the nanometer spacing must be precisely controlled. 
This is a difficult task. 

Some researchers have found methods to eliminate 
the need for such extremely close proximity. One tech- 
nique is based on Near-Field Scanning Optical Micros- 
copy. However, this technique has limited lateral reso- 
lution and bandwidth. Other techniques are based on 
non-contact Scanning Force Microscopy, which typical- 
ly suffers from poor resolution and poor signal to noise 
ratio. 

Even if one has increased the stora g e densit y , one 



points. 

In one preferred embodiment, the storage device 
includes many field emitters, a storage medium and a 
micromover. The storage medium has many storage ar- 
s eas, and the field emitters are spaced apart to have one 
emitter responsible for a number of storage areas on the 
storage medium. In one preferred embodiment, each 
storage area is responsible for one bit of the storage 
device. The medium is in close proximity to the field 
10 emitters, such as a few hundredths of a micrometer to 
a few micrometers away. Each field emitter generates 
an electron beam current. Each storage area can be in 
one of a few different states. In one embodiment, binary 
information is stored in the areas, with one state repre- 
ss senting a high bit and another state representing a low 
bit. When an electron beam current bombards a storage 
area, a signal current is generated. The magnitude of 
the signal current depends on the state of that storage 
area. Thus, the information stored in the area can be 
20 read by measuring the magnitude of the signal current. 
Information can be written onto the storage areas using 
the electron beams. The magnitude of each electron 
beam can be increased to a pre-selected level to change 
the state of the storage area on which it impinges. By 
25 changing the state of a storage area, one writes infor- 
mation onto it. Just like the field emitters, the micromov- 
er is made by semiconductor microfabrication tech- 
niques. The micromover scans the storage medium with 
respect to the field emitters or vice versa. Thus, each 
30 emitter can access information from a number of stor- 
age areas on the medium. With hundreds or thousands 
of field emitters reading and/or writing information in par- 
allel, the storage device has very fast access times and 
data rates. 

3$ An embodiment of the present invention is de- 
scribed below, by way of example only, with reference 
to the accompanying drawings, in which: 



still has to overcome another major hurdle, which is the 
time required to access the information. The storage de- 
vice's utility is limited if it takes a long time to retrieve 
the stored information. In other words, in addition to high 
storage density, one must find a way to quickly access 
the information. 

The present invention seeks to provide improved in- 
formation storage. 

According to an aspect of the present invention, 
there is provided a storage device as specified in claim 
1. 

It is possible to provide, with the preferred embod- 
iments, significantly increased storage density and low 
cost/storage and with fast access times and high data 
rates. 

The preferred storage device is based on a technol- 
ogy different from any of the conventional storage de- 
vices. It is based on field emitters, which are made by 
standard semiconductor microfabrication technology, 
and which emit beams of electrons from very sharp 



Figures 1 A-B show different perspectives of a pre- 
40 ferred embodiment of storage device; 

Figure 1 C shows the top view of the cross-section 
A-A in Figure 1A; 

45 Figure 2 shows the field emitters reading from stor- 
age areas in one embodiment of storage device; 

Figure 3 shows the storage medium based on a di- 
ode structure; 

so 

Figures 4A-B show different preferred diode struc- 
tures as storage media; and 

Figure 5 shows the storage medium based on a flo- 
ss rescent material. 

Figure 1 A shows a side cross section view of a pre- 
ferred embodiment 100 of storage device. It includes a 
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number of field emitters, such as 1 02 and 1 04, a storage 
medium 106 with a number of storage areas, such as 
108, and a micromover 110, which scans the storage 
medium 1 06 with respect to the field emitters or vice ver- 
sa. In one preferred embodiment, each storage area is s 
responsible for storing one bit of information. 

In the preferred embodiment, the field emitters are 
point-emitters with very sharp points; each may have a 
radius of curvature of about one nanometer to hundreds 
of nanometers. During operation, a preselected poten- 10 
tial difference is applied between a field emitter and its 
corresponding gate, such as between the emitter 1 02 
and its circular gate 103 surrounding it. Due to the sharp 
point of the emitter, an electron beam current is extract- 
ed from the emitter towards the storage area. Depend- « 
ing on the distance between the emitters and the stor- 
age medium 106, the type of emitters, and the spot size 
(bit size) required, one might need electron optics to fo- 
cus the electron beams. A voltage may also be applied 
to the storage medium 106 to either accelerate or de- 20 
celerate the field-emitted electrons or to aid in focusing 
the field-emitted electrons. 

In the preferred embodiment, the casing 120 keeps 
the storage medium 106 in partial vacuum, such as at 
least 10* 5 torr. Different researchers have fabricated 25 
such types of microfabricated field emitters in vacuum 
cavities using semiconductor processing techniques. 
See, for example, "Silicon Field Emission Transistors 
and Diodes," by Jones, published in IEEE Transactions 
on Components, Hybrids and Manufacturing Technolo- 
gy, 15, page 1051, 1992. 

In the embodiment shown in Figure 1A, each field 
emitter has a corresponding storage area. In another 
embodiment, each field emitter is responsible for a 
number of storage areas. As the micromover 110 scans 
the medium 106 to different locations, each emitter is 
positioned above different storage areas. With the mi- 
cromover 11 0 , an a rra y of field emitters can scan over 
the storage medium. 

As will be described, the field emitters are respon- 
sible to read and write information on the storage areas 
by means of the electron beams they produce. Thus, 
the field emitters suitable for the device are the type that 
can produce electron beams that are narrow enough to 
achieve the desired bit density of the storage medium, 
and can provide the power density of the beam current 
needed for reading from and writing to the medium. A 
variety of ways are known in the art that are suitable to 
make such field emitters. For example, one method is 
disclosed in "Physical Properties of Thin-Film Field 
Emission Cathodes With Molybdenum Cones," by 
Spindt et al, published in the Journal of Applied Physics, 
Vol. 47, No. 1 2, December 1976. Another method is dis- 
closed in "Fabrication and Characteristics of Si Field 
Emitter Arrays, "by Betsui, published in Tech. Digest 4th 
Int. vacuum Microelectronics Conf., Nagahama, Japan, 
page 26, 1991. Such emitters have been successfully 
applied to disciplines, such as flat panel displays. How- 
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ever, the device shows that it is highly advantageous to 
apply such emitters to the storage industry. 

In one preferred embodiment, there can be a two- 
dimensional array of emitters, such as 100 by 100 emit- 
ters, with an emitter pitch of 50 micrometers in both the 
X and the Y directions. Each emitter may access bits in 
tens of thousands to hundreds of millions of storage ar- 
eas. For example, the emitters scan over the storage 
medium that has a two dimensional array of storage ar- 
eas, with a periodicity of about 1 to 100 nanometers be- 
tween any two storage areas; and the range of the mi- 
cromover is 50 micrometers. Also, all the emitters may 
be addressed simultaneously or in a multiplexed man- 
ner. Such a parallel accessing scheme significantly re- 
duces access time, and increases data rate of the stor- 
age device. 

Figure IBshows the top view of the storage medium 
in a preferred embodiment illustrating a two dimensional 
array of storage areas and a two dimensional array of 
emitters. Addressing the storage areas requires exter- 
nal circuits. One preferred embodiment to reduce the 
number of external circuits is to separate the storage 
medium into rows, such as the row 140, where each row 
contains a number of storage areas. Each emitter is re- 
sponsible for a number of rows. However, in this pre- 
ferred embodiment, each emitter is not responsible for 
the entire length of the rows. For example, the emitter 
102 is responsible for the storage areas within the rows 
140 through 142, and within the columns 144 through 
146. All rows of storage areas accessed by one emitter 
are connected to one external circuit, for example rows 
140 through 142. To address a storage area, one acti- 
vates the emitter responsible for that storage area and 
moves that emitter by the micromover to that storage 
area. One also has to activate the external circuit con- 
nected to the rows of storage areas within which that 
storage area lies. 

The preferred micro mover 110 can also be made in 
a variety of ways, as long as it has sufficient range and 
resolution to position the field emitters over the storage 
areas. As a conceptual example, the micromover 110 is 
fabricated by standard semiconductor microfabrication 
process to scan the medium 106 in the X and Y direc- 
tions with respect to the casing 120. Figure 1C shows 
the top view of the cross section A-A in Figure 1 A, illus- 
trating the storage medium being held by two sets of 
thin-walled microfabricated beams. The faces of the first 
set of thin -walled beams are in the Y-Z plane, such as 
112 and 114; this set of beams may be flexed in the X 
direction allowing the medium to move in the X direction 
with . respect to the casing 1 20. The faces of the second 
set of thin-walled beams are in the X-Z plane, such as 
116 and 118; this set of beams allow the medium to 
move in the Y direction with respect to the casing 1 20. 
The medium is held by the first set of beams, which are 
connected to a frame 1 22. The frame 1 22 is held by the 
second set of beams, which are connected to the casing 
1 20. The field emitters scan over the medium, or the me- 
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dium scans over the field emitters in the X-Y directions 
by electrostatic, electromagnetic or piezoelectric means 
known in the art. In this example, the micromover 110 
includes the structure holding and moving the storage 
medium relative to the field emitters. A general discus- 
sion of such microfabricated micromover can be found, 
for example, in "Novel Polysilicon Comb Actuators for 
XY-Stages," published in the Proceeding of MicroElec- 
tro Mechanical Systems 1 992, written by Jaecklin et al.; 
and in 'Silicon Micromechanics: Sensors and Actuators 
on a Chip", by Howe et al., published in IEEE Spectrum, 
page 29, in July 1990. 

In another preferred embodiment, the electron 
beam currents are rastered over the surface of the stor- 
age medium 106 by either electrostatically or electro- 
magnetically deflecting them, such as by electrostatic 
deflectors like the electrode 125 positioned adjacent to 
the emitter 104. Many different approaches to deflect 
electron beams can be found in the literature on Scan- 
ning Electron Microscopy and will not be further de- 
scribed in this specification. 

In one preferred method, writing is accomplished by 
temporarily increasing the power density of the electron 
beam current to modify the surface state of the storage 
area; and reading is accomplished by observing the ef- 
fect of the storage area on the electron beams, or the 
effect of the electron beams on the storage area. Note 
that a storage area that has been modified can repre- 
sent a bit 1 , and a storage area that has not been mod- 
ified can represent a bit 0. In fact, one can modify the 
storage area to different degrees to represent more than 
two bits. Different examples will be described in the fol- 
lowing to show that some modifications are permanent, 
and some modifications are reversible. The permanent- 
ly modified storage medium is suitable for write-once- 
read-many memory (WORM). 

In one preferred embodiment, known in the present 
descriptioaas-the.p referred^ 



One preferred embodiment of the storage medium 
is a material whose structural state can be changed from 
crystalline to amorphous by electron beams. The amor- 
phous state has a different SEEC and BEC than the 

s crystalline state; this leads to a different number of sec- 
ondary and backscattered electrons emitted from the 
storage area. By measuring the number of secondary 
and backscattered electrons, one can determine the 
state of the storage area. To change from the amor- 

10 phous to crystalline state, one increases the beam pow- 
er density and then slowly decreases it. This heats up 
the amorphous area and then slowly cools it so that the 
area has time to anneal into its crystalline state. To 
change from crystalline to amorphous state, one in- 

15 creases the beam power density to a high level and then 
rapidly decreases the beam power. To read from the 
storage medium, a lower-energy beam strikes the stor- 
age area. An example of such type of material is ger- 
manium tell u ride (GeTe) and ternary alloys based on 

20 GeTe. Similar methods to modify states using laser 
beams as the heating source have been described in 
"Laser-induced Crystallization of Amorphous GeTe: A 
Time-Resolved Study," by Huber and Marinero, pub- 
lished in Physics Review B 36, page 1595, in 1987, and 

25 will not be further described here. 

There are many preferred ways to induce a state 
change in the medium 106. For example, a change in 
the topography of the medium, such as a hole or bump, 
will modify the SEEC and BEC of the storage medium. 

30 This modification occurs because the coefficients typi- 
cally depend on the incident angle of the electron beam 
onto the storage area. Changes in material properties, 
band structure and crystallography can affect the coef- 
ficients. Also, the BEC depends on atomic number, Z. 

35 Thus, one preferred storage medium has a layer of low 
Z material on top of a layer of high Z material or vice 
versa, with writing accomplished through ablating some 
of the to p la yer by an electron beam 



idea is to alter the structure of the storage area in such 
a way as to vary its secondary electron emission coef- 
ficient (SEEC), its backscattered electron coefficient 
(BEC), or the collection efficiency for secondary or back- 
scattered electrons emanating from this area. The 
SEEC is defined as the number of secondary electrons 
generated from the medium for each electron incident 
onto the surface of the medium. The BEC is defined as 
the fraction of the incident electrons that are scattered 
back from the medium. The collection efficiency for sec- 
ondary/backscattered electrons is the fraction of the 
secondary/back-scattered electrons that is collected by 
an electron collector, typically registered in the form of 
a current. 

Reading is typically accomplished by collecting the 
secondary and/or backscattered electrons when an 
electron beam with a lower power density is applied to 
the medium 106. During reading, the power density of 
the electron beam should be kept low enough so that 
no further writing occurs. 



Figure 2 shows schematically the field emitters 
40 reading from the storage medium 1 06. The state of one 
storage area 150 has been altered, while the state of 
another storage area 108 has not. When electrons bom- 
bard a storage area, both secondary electrons and 
back-scattered electrons will be collected by the elec- 
ts tron collectors, such as 1 52. An area that has been mod- 
ified will produce a different number of secondary elec- 
trons and back-scattered electrons, as compared to an 
area that has not been modified; the difference may be 
more or may be less depending on the type of material 
50 and the type of modification. By monitoring the magni- 
tude of the signal current collected by the electron col- 
lectors 152, one can identify the state of, and, in turn, 
the bit stored in the storage area. 

Figure 3 shows another preferred embodiment, re- 
ss ferred to in this description as the preferred "Diode" ap- 
proach. In this approach, the storage medium is based 
on a diode structure 200, which can be a pn junction or 
a Schottky barrier or any other type of "electronic valve". 
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The basic idea is to store bits by locally altering the sur- 
face of a diode in such a way that the collection efficien- 
cy for minority carriers generated near the altered region 
is different from that of an unaltered region. The collec- 
tion efficiency for minority carriers is defined as the frac- 
tion of minority carriers generated by the incident elec- 
trons that is swept across the diode junction 204 when 
it is biased by an external circuit 202, causing a signal 
current 206 to flow in the external circuit The external 
circuit 202 shown just serves as an example of the con- 
cept. The actual external circuit may be different, but still 
provides a bias across the junction and measures the 
current across the junction. 

In Figure 3, field emitters 102 and 104 emit narrow 
beams of electrons onto the surface of the diode 200. 
The incident electrons excite electron-hole pairs near 
the surface of the diode. The diode is reversed-biased 
by an external circuit 202 so that the minority carriers 
that are generated by the incident electrons are swept 
toward the diode junction 204. Electrons that reach the 
pn junction 204 will be swept across the junction 204. In 
other words, minority carriers that do not recombine with 
majority carriers before reaching the junction are swept 
across the junction, causing a current to flow in the ex- 
ternal biasing circuit 202. 

Writing onto the diode 200 is accomplished by in- 
creasing the power density of the electron beam enough 
to locally alter some property of the diode. The alteration 
will affect the number of minority carriers swept across 
the junction 204 when the same area is irradiated with 
a lower power density "read' 1 electron beam. For exam- 
ple, the recombination rate in a written area 250 could 
be increased relative to an unwritten area 208 so that 
the minority carriers generated in the written area have 
an increased probability of recombining with majority 
carriers before they have a chance to reach and cross 
the junction 204. Hence, a smaller current flows in the 
external circuit 202 when the read electron beam is in- 



defects. Methods to passivate recombination sites at a 
silicon/thermal oxide interface by hydrogenation are 
known in the art and will not be further described here. 
Figure 4B shows a pn junction diode 304 with either 

s the p or the n layer as the top layer 306. Either all or just 
the top surface 307 of the top layer consists of hydro- 
genated amorphous silicon that is doped to be consist- 
ent with the doping of the rest of the top layer 306, which 
consists of crystalline silicon. The surface of the hydro- 

10 genated amorphous silicon layer 306 can be easily dam- 
aged by bombarding it with an electron beam. Such 
damage in a storage area 308 can introduce defects in 
the hydrogenated amorphous silicon layer that act as 
recombination sites increasing the recombination rate. 

15 The damage can be reversible by heating. Thus, one 
can have a bulk erase by resistively heating the entire 
storage medium. The building of such a diode can be 
found in "Electron-Beam-Induced Information Storage 
in Hydrogenated Amorphous Silicon Devices," by Yaco- 

20 bi, published in J. of Appl. Phys. Lett. 44, page 695, in 
1984, and will not be further described here. 

Figure 4B can also be used to show another pre- 
ferred diode structure, with the layer 306 being a phase- 
change material, such as a layer of germanium telluride, 

25 GeTe, which can be reversibly changed from a semicon- 
ducting (amorphous) to a metallic (crystalline) state by 
heating and cooling it at the proper rate. Thus, for ex- 
ample, if the GeTe is doped so that it is p-type when in 
its semiconducting state and is deposited on top of a n- 

30 type semiconductor layer 31 0, then a large contrast will 
be seen in the number of carriers swept across the junc- 
tion if the GeTe is changed to its metallic state at the 
storage area 308. 

Figure 5 shows another preferred embodiment 350 

35 with a florescent layer 352 on a photodiode 354. Infor- 
mation is stored by using the field emitters to locally alter 
the light emitting properties of the florescent layer. The 
alteration changes the number of photons emitted by the 



cident upon a written area than when it is incident upon 
an unwritten area. Conversely, it is also possible to start 
with a diode structure with a high recombination rate, 
and to write bits by locally reducing the recombination 
rate. The magnitude of the current resulting from the mi- 
nority carriers depends on the state of the storage area; 
and the current constitutes the output signal 206 to in- 
dicate the bit stored. 

Figures 4A-B show different preferred diode struc- 
tures as storage media in the present invention. Figure 
4A shows a diode 275 with a •poor" oxide layer 277 on 
top of it. "Poor" here means the interface or boundary 
300 between the oxide 277 and the diode 275 has a high 
surface recombination rate. One example of such a di- 
ode is a silicon pn junction with a poor thermal oxide on 
its top surface. The interface 300 can be passivated with 
hydrogen to reduce its surface recombination rate. Elec- 
tron beams may be used to heat up an area 302 of the 
hydrogenated interface to increase the recombination 
rate by either driving away the hydrogen or introducing 



florescent layer 352 and received by the photodiode 354 
40 for each incident electron. Such changes can be carried 
out by striking a storage area 356 with an electron beam 
current with high enough power density to heat the stor- 
age area 356 to a high temperature. Most florescent ma- 
terials are easily damaged by such heating. This dam- 
45 age increases the relative number of non-radiative re- 
combination centers to radiative recombination centers 
so that the number of photons emitted by the florescent 
material for each incident electron is reduced. Alterna- 
tively, high energy electrons can be used to similarly al- 
so ter the florescent material. In the read mode, an electron 
beam current with a lower power density is used to en- 
sure that no further writing occurs. A meter 358 meas- 
ures the current across the photodiode, which depends 
on the number of photons received by the photodiode 
55 and provides indication as to whether the storage area 
is altered or not. One possible example for the florescent 
layer is zinc oxide. The methods to build a florescent 
layer onto a photodiode should be known in the art and 
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will not be further described here. 

Note that field emitters may be noisy with the mag- 
nitude of the electron beam current varying with respect 
to time. Moreover, the gap distances between the tips 
of the emitters and the surface of the storage medium 
may vary. If the information stored in this device were 
based on tunnelling current, then the gap distances 
would be extremely crucial. However, the device uses 
field emitters and does not directly measure the emitted 
electron beam current, but the effect of the beam. More- 
over, at least two ways may be used to alleviate the 
problem of the emitters being noisy One way is to con- 
nect a constant current source 154, as shown in Figure 
2, to the field emitter 102. This source will control the 
power density of the electron beam current 156. Al- 
though this method would not help storage techniques 
using the magnitude of the field-emitted current as the 
signal, it reduces the field emitter noise significantly. An- 
other way to alleviate field-emitter noise is to separately 
measure the emitted electron beam current and use it 
to normalize the signal current. As the electron beam 
current varies, the signal current varies corresponding- 
ly; on the other hand, the normalized signal current re- 
mains the same to indicate the state of the storage area. 

The device allows electron beams to read and write 
at a larger distance across the storage medium than 
those in the prior art, while still maintaining a sufficiently 
small information bit size. This small bit size is possible 
because field emitters can emit very narrow electron 
beams. Also, as compared to numerous prior art ap- 
proaches, the device not only allows for a relatively large 
gap between the field-emitters and the storage medium, 
but is also relatively insensitive to the size of the gap. 

Another advantage of the device is that it makes use 
of the massive parallelism that is possible through a 
large array of field emitters and through the micromover. 
This in turn allows for fast access times and high data 
rates, 



coming electron is approximately equal to the energy of 
the incoming electron divided by three times the semi- 
conductor's bandgap. For example, 100 eV electrons 
produce approximately 28 electron-hole pairs in Si, so 
5 the maximum possible gain is 28 for the diode approach 
if 100 eV electrons and a top layer of Si are used. Sim- 
ilarly, for the approach using a florescent layer, the elec- 
tron-hole pairs created in that layer by the incident elec- 
trons give off photons when they recombine; again, the 
10 signal current can be larger than the incident electron 
beam current if multiple electron-hole pairs are created 
for each incident electron. 

The disclosures in United States patent application 
nos. 08/406.628 and 08/501 ,432, from which this appli- 
es cation claims priority, and in the abstract accompanying 
this application are incorporated herein by reference. 
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Claims 

1. A storage device comprising: 

a field emitter (102) operable to generate an 
electron beam current (156); and 
a storage medium (106) in close proximity to 
the field emitter, the storage medium (106) in- 
cluding a storage area (108) in one of a plurality 
of states to represent the information stored 
therein, such that an effect is generated when 
the electron beam current bombards the stor- 
age area (106), the magnitude of the effect de- 
pending upon the state of the storage area 
(106) such that the information stored in the 
storage area (106) is obtainable by measuring 
the magnitude of the effect. 

2. A storage device as recited in claim 1 , wherein the 
effect is a signal current. 



Also advances in semiconductor microfabrication 
technology have reduced manufacturing cost. The mi- 
cromover used to move the field emitters relative to the 
storage medium, as well as the field emitters them- 
selves and the storage medium, can be relatively inex- 
pensively mass-produced through silicon semiconduc- 
tor microfabrication techniques. In fact, it is even possi- 
ble that the field emitters, electron collectors, the stor- 
age medium and the micromover could all be microfab- 
ricated in the same process sequence, which would al- 
low the device to be even more inexpensively manufac- 
tured. 

Note that it is possible for the storage medium to 
provide some amplification of the signal current. Ampli- 
fication is possible in the preferred "SEM" approach, be- 
cause for some materials the SEEC is much larger than 
unity. Also, the preferred "Diode" approach can provide 
some amplification of the signal in the storage medium. 
This amplification is possible because the number of 
electron-hole pairs created in a semiconductor by an in- 



40 3. A storage device as recited in claim 2, wherein: 



the signal current is normalised with respect to 
the magnitude of the electron beam current 
(156); 

the normalised signal current being indicative 
of the state of the storage area (108), such that 
even if the magnitude of the electron beam cur- 
rent (156) varies, the normalised current does 
not vary correspondingly. 
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4. A storage device as recited in claim 2, comprising: 

a constant current source (154) connected to 
the field emitter (102) operable to control the mag- 
nitude of the electron beam current (156). 

5. A storage device as recited in any preceding claim, 
comprising a plurality of said storage areas on the 
storage medium (106). 
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6. A storage device as recited in claim 5, comprising 
a deflector (125) adjacent the emitter (102) to con- 
trol the direction of the beam current (156) to ad- 
dress a different storage area. 

7. A storage device as recited in claim 1 , comprising: 

a plurality of said storage areas on the storage 
medium (106); and 

a plurality of said field emitters, spaced from 
one another, each emitter being responsible for 
a number of storage areas on the storage me- 
dium (1 06); a plurality of the field emitters being 
able to work in parallel to increase the data rate 
of the storage device. 

8. A storage device as recited in claim 1 , wherein the 
magnitude of the electron beam current (156) is in- 
creasable to a p re-selected level to change the 
state of the storage area (108) and to write informa- 
tion on the storage area (108). 

9. A storage device as recited in claim 8, wherein the 
storage medium (106) is made of a phase-change 
material, one state of the storage area being crys- 
talline, another state being amorphous; 

the storage area being changeable from one 
state to another by control of the magnitude of the 
power density of the electron beam current bom- 
barding the storage area. 

10. A storage device as recited in claim 8, wherein the 
storage medium (106) includes a florescent layer 
(352) on a photodiode (354); 

different states of the storage area being at- 
tainable by changing the light emitting properties of 
the florescent layer (352). 
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barding the silicon layer with the electron beam cur- 
rent. 

1 4. A storage device as recited in claim 11 , wherein the 
diode (304) includes a p layer and a n layer, with 
one of the two layers being the top layer; the top 
layer (306) being made of a phase-change material; 
wherein different recombination rates are introduc- 
ible by bombarding the top layer (306) with the elec- 
tron beam current. 
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11. A storage device as recited in claim 8, wherein the 
storage medium (106) includes a diode (200), such 
that different states of the storage area have differ- 
ent recombination rates. 

12. A storage device as recited in claim 1 1 , wherein the 
storage medium (106) includes an oxide layer (277) 
on the diode (275), the boundary between the oxide 
layer (277) and the diode (275) being hydrogenated 
to reduce the recombination rate at the boundary 
(300); different recombination rates being introduc- 
ible by bombarding the boundary (300) with the 
electron beam current. 

1 3. A storage device as recited in claim 1 1 , wherein the 
diode (304) includes a p layer and a n layer, with 
one of the two layers being the top layer; at least 
the top surface (307) of the top layer (306) being a 
hydrogenated-amorphous silicon layer; wherein dif- 
ferent recombination rates are introducible by bom- 
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